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The fragmental (pyroclastic) materials are those which have been
thrown out with great force and in enormous volume, during violent
volcanic eruptions. They have settled down over the surrounding
country, either on land (Plate VI, Fig. 2) or in water, and hence often
show a stratified structure.

In the western states and Mexioo, where these volcanic rocks are
abundant the engineer has to deal with them.

Lava flows, though often thick, are sometimes shallow, and overlie
stream gravel or other deposits (Plate XLI, Fig. 1). When testing a
rock foundation for dams, reservoirs or other structures, which are to
be placed on lava flows, care should be taken to see that the lava cap
is sufficiently thick to give a solid and impermeable base.1

Lava flows are not as a rule adapted to the production of large blocks.
Many show a columnar jointing (Plate III, Fig. 2). The stone at the
surface of the flow may be broken up (Plate III, Fig. 1), or if massive
is often full of gas cavities, which may be absent deeper down (Plate
III, Fig. 2).

The more porous and softer volcanic rocks, like tuffs and agglomer-
ates, can often be cut into larger blocks than the consolidated lavas.
They are however usually very porous, and should not if possible be
used in moist situations. Curiously enough however many of these
very porous volcanic rocks are not injured by frost, probably because
they do not absorb enough water to completely fill their pores. (See
absorption under Building Stones.)

The high porosity of tuffs and breccias may also cause trouble in dam
and reservoir construction, because they permit seepage under the walla,
so that the bed rock may have to be filled with grout, or sealed up in
other ways. In the case of one dam foundation on the Clackamas
River in Oregon, grout forced down a 50-foot pipe under a 200 pounds
pressure, crossed a six-foot interval in the volcanic breccia, rushed up
another pipe to the surface and spurted 30 feet into the air. For similar
reasons a tunnel driven through them should be lined.

The use of volcanic ash for hydraulic cement is referred to in Chapter
XIII.

Composition of Igneous Rocks

Under this heading is discussed (a) chemical and (&) mineralogical
composition of igneous rocks. As previously stated, most igneous rocks
are made up of mineral aggregates. For such rocks mineral compo-
sition is dependent in large measure on chemical composition of the

1 For example see case of Zuni Dam, Eng. News, LXIV, p. 203, 1909.